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APOLLO S I T E  SELECTION FACTORS 

INTRODUCTION 

This  memorandum a t tempts  t o  summarize t h e  major f a c t o r s  
w h i c h  a f f e c t  s i t e  s e l e c t i o n  f o r  t h e  Apollo mis s ions  15 ,  1 6  and 1 7 .  
The t o p i c a l  s e c t i o n s  are devoted t o  A c c e s s i b i l i t y ,  L a n d a b i l i t y ,  
Sc i ence ,  and Photography. I t  i s  n o t  t h e  purpose t o  pre-judge t h e  
Apollo S i t e  S e l e c t i o n  Board (ASSB) d e c i s i o n ,  however t h e  s e v e r a l  
f a c t o r s  involved  do tend t o  narrow t h e  ava i lab le  choices f o r  
Apollo 1 5  and 1 6 .  

I n  a d d i t i o n  t o  the f o u r  t o p i c s  noted  above, t h e r e  are 
several f a c t o r s  which i n f l u e n c e  s i te  s e l e c t i o n :  

1. 

2. 

3 .  

4 .  

5. 

Through i t s  most r e c e n t  d e l i b e r a t i o n s ,  the ASSB has  
i m p l i c i t l y  i n d i c a t e d  i t s  w i l l i n g n e s s  t o  c o n s i d e r  cer- 
t a i n  cand ida te  s i t e s .  These i n c l u d e  Copernicus,  Davy 
Crater Chain, Descar tes ,  Hadley-Apennines and Marius 
H i l l s .  Add i t iona l  s i tes must have demonstrable  s c i e n -  
t i f i c  advantage t o  be considered.  

For a v a r i e t y  of reasons ,  t he  s i te  s e l e c t e d  f o r  one 
miss ion  must n o t  be t o t a l l y  dependent on or i n f l u e n c e d  
by r e s u l t s  from t h e  immediately p rev ious  miss ion .  

Apollo 15 i s  a rover  mission.  However, it i s  des i rab le  
t h a t  t h e  Apollo 1 5  s i t e  be u s e f u l  a l s o  as a walking 
mission.  T h i s  mission must be chosen and s t r u c t u r e d  
w i t h  t h e  r e a l i z a t i o n  t h a t  i t  i s  t h e  f i r s t  u se  of t h e  
Lunar Roving Vehicle ( L R V ) ;  complete r e l i a n c e  on i t s  
s a t i s f a c t o r y  i n i t i a l  o p e r a t i o n  and u t i l i z a t i o n  would 
n o t  be t h e  s t r o n g e s t  p o s s i b l e  p o s i t i o n .  

Launches are planned f o r  January 1 9 7 1 ,  J u l y  1971, 
January 1972 and June 1972. Sites should  be accessible 
f o r  t h e  nominal launch d a t e  and a t  least  f o r  t h e  two 
monthly windows fol lowing.  

T h e  s u r f a c e  sc i ence  v a l u e  and l a n d a b i l i t y  of a s i t e  
are s t r o n g  func t ions  of t h e  s p e c i f i c  touchdown s p o t  , 
selected. Discussions of and d e c i s i o n s  on l and ing  
si tes must cons ider  bo th  t h e  g e n e r a l  r eg ions  and 
s p e c i f i c  touchdown s p o t s .  Su r face  s c i e n c e  o b j e c t i v e s  
i n c l u d i n g  exper iment -spec i f ic  f a c t o r s  should  be g iven  
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prime cons idera t ion  i n  s i te  s e l e c t i o n .  However, 
o r b i t a l  science o b j e c t i v e s  a l s o  must  be weighed. 
I t  i s  h ighly  d e s i r a b l e  t o  maximize areal coverage 
and m i n i m i z e  redundant coverage. 

SUMMARY 

Apollo 15 appears  t o  be b i a sed  toward a choice between 
Hadley-Apennines and Marius H i l l s .  S u i t a b l e  photography i s  
l ack ing  f o r  Descar tes  and Davy C r a t e r  Chain b u t  i s  a v a i l a b l e  
f o r  Copernicus. However, i f  Apollo 14 Descar tes  photography 
f a i l s  f o r  any reason ,  Copernicus may become t h e  prime " w i n t e r  
a c c e s s i b l e "  s i t e  ( i . e .  f o r  Apollo 1 6 ) .  F u r t h e r ,  depending on 
t h e  s p e c i f i c  landing p o i n t  s e l e c t e d ,  a Copernicus mission appears  
t o  be more dependent on success fu l  LRV o p e r a t i o n  than  e i t h e r  a 
Marius H i l l s  o r  Hadley-Apennines mission.  

Marius H i l l s  has  some o p e r a t i o n a l  advantages over  
Hadley-Apennines. A Marius mission can provide ,  w i th  good 
l i g h t i n g  ( a l b e i t  s e t t i ng - sun)  , photography of t h e  h ighlands  
s o u t h e a s t  o f  Descar tes ,  an a rea  of p o s s i b l e  i n t e r e s t  f o r  Apollo 
1 7 .  Such photography i s  a good backup f o r  Apollo 1 4  photography, 
as w e l l  a s  of i n t e r e s t  i n  i t s e l f .  Add i t iona l ly ,  Marius i s  acces-  
s i b l e  i n  October 1971  ( t h e  fou r th  month) w h i l e  Hadley is  n o t .  
This  i s  of s i g n i f i c a n c e  t o  Apollo 15 planning t o  a s s u r e  f l e x i -  
b i l i t y  i n  t h e  even t  of LRV d e l i v e r y  de l ays .  

Apollo 1 6  p r e s e n t s  a choice between Descar tes  and 
Copernicus. Marius i s  n o t  a c c e s s i b l e :  Hadley i s  margina l ly  
a c c e s s i b l e ;  Davy photography i s  l ack ing .  The s t r o n g  s c i e n t i f i c  
d e s i r e  f o r  highland samples l e a d s  one t o  f avor  Desca r t e s ,  b u t  
s u c c e s s f u l  Apollo 1 4  photography is  requ i r ed .  

Apollo 1 7  may u s e  one of t h e  remaining si tes o r  a new 
highland s i te .  U s e  of Davy C r a t e r  Chain r e q u i r e s  photography, 
t h e  p o s s i b i l i t i e s  f o r  which appear  t o  be e i t h e r  an Apollo 15 
mission t o  Marius H i l l s  w i t h  photography of  Davy wi th  h igh  
(~60') se t t i ng - sun  i l l u m i n a t i o n ,  o r  an Apollo 1 6  miss ion  t o  
Descar tes  f i v e  months before  t h e  Davy mission.  A new highland  
s i t e  could be chosen e i t h e r  from p r e s e n t l y  a v a i l a b l e  photography 
o r  from photography taken on Apollo 1 4  and 15.  

I t  is  n o t  necessary t o  choose e x p l i c i t l y  t h e  Apollo 17 
s i t e  now. N o  major work savings would r e s u l t  and it may be b e t t e r  
t o  awai t  t h e  r e s u l t s  o f  Apollo 1 4  and 15. Choices f o r  Apollo 15  
and 1 6  must, however, recognize and be t e s t e d  i n  so f a r  as pos- 
s i b l e  f o r  cons is tency  wi th  Apollo 1 7 .  
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ACCESSIBILITY 

The performance requirements  f o r  J -miss ions  t o  t h e  
prime c a n d i d a t e  s i tes  have been computed i n  o r d e r  t o  de te rmine  
miss ion  o p p o r t u n i t i e s  a v a i l a b l e  w i t h  t h e  Apollo Program Schedule  
r e c e n t l y  announced by D r .  Paine.  Table  1 summarizes t h e  mis s ions  
f o r  which t h e r e  are adequate f u e l  reserves. 

Only t h e  f i v e  s i t e s  c u r r e n t l y  approved by t h e  ASSB are 
cons ide red  below, namely Copernicus,  Davy Crater  Chain,  Descartes, 
Hadley-Apennines and Marius H i l l s .  From performance cons ide ra -  
t i o n s  o n l y ,  a Marius H i l l s  mission f o r  Apollo 1 6  is  r u l e d  o u t ,  
and a Hadley Apollo 1 6  mission would be margina l .  The nominal 
miss ion  window i s  considered t o  ex tend  ove r  t h r e e  consecu t ive  
monthly o p p o r t u n i t i e s .  However, t h e  f o u r  consecu t ive  months 
have been a s s e s s e d  f o r  each miss ion  t o  provide  a f e e l  f o r  t h e  
i m p l i c a t i o n s  o f  schedule  s l i p s .  

The c r i t i c a l  performance p e r i o d  f o r  Apollo 1 5  o c c u r s  
a t  the end of t h e  sequence of monthly o p p o r t u n i t i e s .  The most 
d i f f i c u l t  Apollo 1 5  mission cons ide red  would be  t o  Hadley i n  
October  1 9 7 1  (see Table  3 discussed  below).  The l and ing  would 
occur  a t  5' sun ang le  and TEI  would have t o  occur  s h o r t l y  a f t e r  
LM rendezvous t o  main ta in  adequate SPS margins.  Marius H i l l s  
Apol lo  1 5  miss ions  are f e a s i b l e  through October (wi th  a l i t t l e  
"tweaking" t o  raise t h e  October SPS margin) w i t h  l i g h t i n g  a t  
l u n a r  l a n d i n g  i n  t h e  8'-12' range.  Analys is  of Marius H i l l s  
ground t r a c k s  du r ing  this pe r iod  i n d i c a t e s  t h a t  b o o t s t r a p  
photography o f  Davy, o r  Desca r t e s ,  o r  h igh lands  as f a r  as 17' 
s o u t h  could  be ob ta ined  provided s e t t i n g - s u n  photography i s  
a c c e p t a b l e .  

For t h e  Apollo 1 6  mi s s ion ,  January  through A p r i l  
1972, Copernicus has  adequate margins w h i l e  Descartes has  large 
enough AV margins t o  provide a good o p p o r t u n i t y  t o  o b t a i n  addi -  
t i o n a l  photography of  southern  h igh lands .  The Hadley margins 
a re  s m a l l  i n  January and February,  b u t  should  o t h e r  si tes become 
u n a v a i l a b l e  f o r  Apollo 1 6 ,  a reduced-durat ion miss ion  could  be 
flown t o  Hadley. 

The ear l ies t  month f o r  t h e  Apollo 1 7  miss ion  i s  June 
1 9 7 2 ,  so performance w a s  checked through September. A l l  f i v e  
s i tes  have adequate  AV margins throughout  t h i s  pe r iod .  The 
r e g i o n s  of t h e  moon i n  which p o t e n t i a l  l and ing  s i tes  could  be 
reached  d u r i n g  t h e  Apollo 1 7  miss ion  p e r i o d  are i n d i c a t e d  
s c h e m a t i c a l l y  on F igure  1. 

The des ign  of  t h e  miss ion  t r a j e c t o r i e s  must b e  pe r -  
formed s u b j e c t  t o  s e v e r a l  o p e r a t i o n a l  c o n s t r a i n t s  which sub- 
s t a n t i a l l y  a f f e c t  l u n a r  s i t e  a c c e s s i b i l i t y .  The r e f e r e n c e  



m o  0 0 0 0 Q) .  0 0 0 0 

b o  0 0 0 0 

I 4  I I I I 

-7- 
F 

-7- 

-7- 



. 
i 

1' 

50 

40 

30 

20 

10 

0 

-10 

-20 

-30 

-40 

-50 

LONGITUDE - DEG. 

I I 

+40 +60 

FIGURE 1 LUNAR ACCESSIBILITY FOR THE SUMMER OF 1972 



- 7 -  

miss ion  used t o  g e n e r a t e  t h e  a t t a c h e d  d a t a  c o n s i s t s  o f  a r e l a x e d  
free r e t u r n  p r o f i l e  w i t h  l and ing  on t h e  moon a t  sun e l e v a t i o n s  
between 5 and 1 4  degrees .  The t i m e l i n e  has  a 66-hour l u n a r  s u r -  
f a c e  s t a y  and a t o t a l  o f  173 hours  i n  l u n a r  o r b i t  ( s u f f i c i e n t  
f o r  series o r b i t a l  s c i e n c e ) .  Mission d u r a t i o n s  up t o  1 4 . 5  days  
w e r e  a l lowed.  A complete l i s t  of  miss ion  c o n s t r a i n t s  which 
d e f i n e  t h e  r e f e r e n c e  mission is  g iven  i n  Table  2 .  A 107,300 l b  
t o t a l  s p a c e c r a f t  weight  w a s  assumed ( 6 6 , 9 0 0  l b  CSM w i t h  f u l l  SPS 
t anks  and 36,300 l b  LM). 

Table 3 i s  a summary of  t h e  launch v e h i c l e  and space-  
c r a f t  p ropu l s ion  c a p a b i l i t y  exc luding  some which are r u l e d  o u t  
by o t h e r  c o n s i d e r a t i o n s .  These d a t a  are p re l imina ry  and should  
be used p r i m a r i l y  t o  make r e l a t i v e  comparisons s i n c e  t h e  a c t u a l  
numerical  va lues  are q u i t e  s e n s i t i v e  t o  t h e  c o n s t r a i n t s  assumed. 
The launch v e h i c l e  c a p a b i l i t y  a t  T L I  i s  determined by adding t o  
t h e  MSFC b a s e l i n e  payload commitment ( 1 0 6 , 6 0 0  l b s )  t h e  payload 
c o r r e c t i o n  f o r  wind and temperature  monthly v a r i a t i o n ,  t h e  f l i g h t  
geometry r e s e r v e  and t h e  mis s ion - spec i f i c  energy v a r i a t i o n .  I f  
t h e  launch v e h i c l e  c a p a b i l i t y  f o r  a s i t e  i n  a p a r t i c u l a r  month 
exceeds t h e  107,300 l b s  s p a c e c r a f t  weight ,  t h e  SPS t a n k s  cou ld  
be flown f u l l y  loaded. However, depending on t h e  SPS margin f o r  
t h a t  mi s s ion ,  it may be d e s i r a b l e  t o  o f f - load  some SPS p r o p e l l a n t  
t o  i n c r e a s e  t h e  o v e r a l l  p r o b a b i l i t y  of  miss ion  success .  I f  t h e  
launch  v e h i c l e  c a p a b i l i t y  f a l l s  below 107,300 l b s ,  t h e  SPS must 
be of f - loaded  t o  f l y  t h e  mission. The cont ingency AV a v a i l a b l e  
shown i n  t h e  at tachment  i s  t h e  end-of-mission SPS margin assuming 
t h e  SPS i s  loaded e i t h e r  t o  t h e  launch v e h i c l e  c a p a b i l i t y  o r  f u l l  
(whichever i s  l e s s ) .  Normally a r e s e r v e  of 5 0 0  f p s  i s  d e s i r a b l e  
f o r  weather  avoidance,  b u t  t h i s  may be r e l axed  t o  250 f p s  i f  
necessary .  Also, it must be p o s s i b l e  t o  raise t h e  cont ingency 
AV t o  600 fps f o r  LM re scue  by a l t e r i n g  c o n s t r a i n t s  i f  need b e ,  
i .e . ,  s h o r t e n  lunar o r b i t  s t a y ,  i n c r e a s e  t r a n s e a r t h  c o a s t  t i m e  
o r  r e l a x  r e t u r n  i n c l i n a t i o n .  The cont ingency AV a v a i l a b l e  (or 
SPS margin r e f e r r e d  t o  above) i s  t h e  p r i n c i p a l  parameter  which 
de termines  t h e  f e a s i b i l i t y  of a g iven  mission.  



Table 2 

"J" MISSION DESIGN CONSTRAINTS 

Mission Design Constraints 

Only Pacific translunar injections are considered. 

Launch azimuth = 7 2  degrees. 

Earth orbit altitude = 90 NM, 

4 0  Hr. 5 translunar flight time 5 110 hr. 

40 NM < perilune altitude of incoming hyperbola < 60 NM. 

A relaxed free return translunar trajectory is used. 

A DPS abort is possible at least two hours after perilune. 

DO1 is performed by the SPS. 

The time in orbit from lunar orbit insertion to LM 
landing is approximately 26 hours. 

The lunar surface staytime is 66 hours. 

The time in lunar orbit from CSM-LM rendezvous to transearth 
injection is approximately 82 hours. 

4 5  Hr. 5 transearth flight time < 120 Hr. 

The return geographic inclination relative to the earth's 
equator is less than 4 0  degrees. 

-35O - < earth landing latitude 2 35'. 

-170O 5 earth landing longitude 5 -150O (Pacific zone). 

The maximum mission duration is 14.5 days. 

- - 
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LAN DAB I L I TY 

The prime l and ing  spo t  i s  an a r e a  chosen f o r  i t s  
s c i e n t i f i c  p o t e n t i a l ,  s u i t a b l e  f o r  landing  s a f e l y ,  and f o r  
which t h e  EVA a c t i v i t i e s  can be planned. E a s i l y  r ecogn izab le  
landmarks near  t h e  s i te  are d e s i r a b l e  so t h e  c r e w  can qu ick ly  
and r e l i a b l y  l o c a t e  t h e  prime s p o t  v i s u a l l y ,  and a l t e r  t h e  
t r a j e c t o r y  a p p r o p r i a t e l y  t o  reach it. Each miss ion  can be 
t r e a t e d  as a "p inpo in t  landing mission" i n  t h a t  t h e  crew w i l l  
make every reasonable  e f f o r t  t o  reach t h e  prime s p o t  i f  they  
can locate it. 

The landing  d i s p e r s i o n  a r e a  is  of prime importance 
i n  p lanning  t h e  s t r a t e g y  of t h e  landing  approach. Assuming 
t h e  l as t  guidance update  (ARLS) is  made near  i g n i t i o n  C P D I ) * ,  
t h i s  d i s p e r s i o n  a r e a  i s  e l l i p t i c a l  i n  shape wi th  s e m i  major 
axes of approximately +3300 f t  downrange and +4500 f t  c ros s -  
range a t  t h e  99% p r o b a b i l i t y  level. Within t h i s  area, fo r  t h e  
c a s e  where t h e  crew f a i l s  t o  l o c a t e  t h e  prime s p o t  v i s u a l l y  
o r  f e e l s  it improper t o  a l ter  t h e  t r a j e c t o r y  enough t o  reach 
it ,  there must be a t  least  a s m a l l  number of s u i t a b l e  a l t e r n a -  
t i v e  landing  s p o t s .  T h e  "N" numbers f o r  t h e  e l l i p s e  are n o t  
n e c e s s a r i l y  i n d i c a t i v e  of a c c e p t a b i l i t y  and may be  s m a l l ;  more 
d i r e c t  a n a l y s i s  of t he  area than simply an "N" number c a l c u l a -  
t i o n  i s  r e q u i r e d  t o  determine i f  a l t e r n a t i v e  s p o t s  are a v a i l a b l e .  

approach t e r r a i n  t o  t h e  a r e a  must l i e  below a l i n e  o r i g i n a t i n g  
a t  t h e  landing  s i t e  w i t h  an 8' s l o p e  uprange. 
bo th  t o  i n s u r e  t h a t  d i spe r sed  trajectories clear t h e  t e r r a i n  
and t o  avoid too much shadowing of t h e  a r e a  a t  low sun ang le s .  
S t eepe r  descen t  trajectories can be designed (probably w i t h  
some a d d i t i o n a l  p r o p e l l a n t  c o s t )  t o  permit  landings  c l o s e r  
t o  peaks and r i d g e s  under t h e  approach path.  
sites a l l  have s i g n i f i c a n t  t e r r a i n  f e a t u r e s  east of t h e  
d e s i r a b l e  landing  areas. 
descen t s  (up t o  30' g l i d e  s lope)  prove s a t i s f a c t o r y ,  i f  t h e  
p r o p e l l a n t  p e n a l t i e s  w e r e  judged accep tab le ,  and i f  t h e  d e c i s i o n  
w e r e  made, t h e  l andab le  regions could be expanded a t  each s i te .  

Given a t e r r a i n  f e a t u r e  of a c e r t a i n  h e i g h t ,  F igure  3 

With t h e  c u r r e n t  t r a j e c t o r y ,  shown i n  F igure  2 ,  t h e  

T h i s  i s  r equ i r ed  

The f i v e  prime 

I f  c u r r e n t  LMS s imula t ions  of s t e e p  

shows how close t h e  landing  s i t e  can be  t o  t h a t  f e a t u r e ,  w i t h  
8 O  maintained between t h e  approach phase g l i d e  s l o p e  and t h e  
t e r r a i n  s l o p e  (see ske tch  on Figure  3 ) .  This  i s  c a l c u l a t e d  

*A reasonable  assumption s i n c e  there a r e  three e q u a l l y  
v a l i d  sources  f o r  t h e  number, and s i n c e  no s i t e  under p r e s e n t  
c o n s i d e r a t i o n  i s  so s i t u a t e d  t h a t  i n s u f f i c i e n t  t i m e  i s  
a v a i l a b l e  f o r  t h e  ARLS update. 
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fo r  t h e  r ange  of  g l i d e  s l o p e s  under  p r e s e n t  c o n s i d e r a t i o n .  
Also shown i s  t h e  minimum sun a n g l e  needed t o  keep shadows 
from such a f e a t u r e  a t  l ea s t  2000  f t  from t h e  l and ing  s i t e .  

S t e r e o  photography i s  needed t o  produce an approach 
t e r r a i n  model t o  be used i n  t h e  LM guidance computer. This  
t e r r a i n  model makes p o s s i b l e  much more e f f e c t i v e  use  of  t h e  
l and ing  r a d a r  in format ion .  However, it i s  necessa ry  t h a t  t h e  
e f f e c t  of r easonab le  d i s p e r s i o n s  i n  t h e  a c t u a l  flown t r a j e c t o r y  
( i n  azimuth, downrange and c ross range  placement r e l a t ive  t o  
t h e  l u n a r  s u r f a c e )  n o t  d e f e a t  t h e  i n t e n t  of t h e  t e r r a i n  model. 
There i s  t h u s  an i m p l i c i t  c o n s t r a i n t  on t h e  roughness of t h e  
t e r r a i n  a long  and underneath t h e  approach pa th .  

Hadley-Apennines 

The Hadley s i t e  (F igure  4 )  which w a s  cons idered  f o r  
a walking miss ion  on H-4 appears  a c c e p t a b l e  from a l and ing  
s t a n d p o i n t .  The approach t e r r a i n  i s  only  a weak f u n c t i o n  of 
approach azimuth and cross range  nav iga t ion  e r r o r s  and can be 
handled adequate ly  by t h e  'la p r i o r i "  LM t e r r a i n  model. The 
8 0 0 0  f t  maximum e l e v a t i o n  of t h e  r i d g e  east  of Hadley i s  about  
6 0 , 0 0 0  f t  from t h e  s i t e  so t h e  minimum sun e l e v a t i o n  ang le  i s  
about  8 ' .  

The double  craters a d j a c e n t  t o  t h e  s i t e ,  t h e  r i d g e  
t o  t h e  s o u t h  of t h e  s i t e ,  and t h e  r i l l e  t o  t h e  w e s t  p rov ide  
e x c e l l e n t  landmarks f o r  e a r l y  crew r e c o g n i t i o n  of n a v i g a t i o n  
errors a t  h igh  g a t e .  

Sites w i t h i n  t h e  high r e s o l u t i o n  Hadley photography 
( n o r t h  of t h e  proposed H-4  s i te)  appear  t o  be s u i t a b l e  on ly  
f o r  r o v e r  miss ions  i f  t h e  r idge  east  o f , t h e  r i l l e  i s  t o  be  
v i s i t e d .  T o  a s s u r e  adequate  t e r r a i n  c l e a r a n c e  t h e  s i t e  would 
have t o  be  chosen i n  t h e  southwest co rne r  of t h e  mare east  
of Hadley r i l l e  covered by high r e s o l u t i o n  photography. With 
an Apollo 14 t y p e  t r a j e c t o r y ,  t h e  s i t e  could n o t  be  c l o s e r  
t h a n  about  2 0 , 0 0 0  f t  w e s t  of t h e  base  o f  t h e  Hadley f r o n t .  

Marius H i l l s  

From an approach t e r r a i n  and landmark s t a n d p o i n t ,  
t h e r e  have n o t  been made s t r o n g  d i s t i n c t i o n s  between Hadley 
and Marius H i l l s .  For approaches t o  t h e  c e n t r a l  l and ing  s i t e  
a t  Marius (F igu re  5), t h e  two e a s t e r n  h i l l s  (about  1 2 0 0  f t  h igh ,  
1 2 , 0 0 0  f t  uprange of  t h e  s i t e )  make t h e  t e r r a i n  somewhat 
azimuth and nav iga t ion  e r r o r  dependent b u t  f o r  no azimuth has  
it been judged unacceptable .  The wes tern  h i l l s  p rov ide  good 
landmarks du r ing  t h e  approach phase.  



* 

4 



. 

FIGURE 5 - MARIUS HILLS 



Copernicus 

With t h e  LM t e r r a in  model a v a i l a b l e  i n  t h e  computer, 
t h e  crater w a l l  a t  Copernicus ( F i g u r e  6 )  appea r s  n o t  t o  
p r e s e n t  a problem f o r  landings  i n  t h e  c e n t r a l  peaks r eg ion .  
The c e n t r a l  peaks themselves  make l a n d a b i l i t y  a s t r o n g  f u n c t i o n  
of t h e  cho ice  of  s i t e  and approach azimuth. The maximum 
e l e v a t i o n  of t h e  c e n t r a l  peaks i s  about  3000 f t ;  a l and ing  
s i t e  should  n o t  be  c l o s e r  than about  2 0 , 0 0 0  f t  downrange 
of such a peak w i t h  t h e  c u r r e n t  t r a j e c t o r y .  

The rover s i t e  t o  t h e  n o r t h  (19' 55'  W ,  9' 4 5 '  N )  
of  t h e  peaks appears  t o  be accep tab le  from a l a n d i n g  s t and-  
p o i n t  f o r  azimuths w i t h i n  t30' of  due w e s t .  The s m a l l  peak 
w e s t  of t h e  s i t e  p rov ides  a p o s s i b l e  good landmark f o r  t h e  
approach phase.  

Davy Crater Chain 

The approach a t  Davy C r a t e r  Chain (F igu re  7 )  i s  
s i m i l a r  t o  t h a t  a t  Hadley. Although d e t a i l e d  t e r r a i n  d a t a  i s  
n o t  a v a i l a b l e ,  p re l imina ry  a n a l y s i s  i n d i c a t e s  t h a t  t h e  r i d g e  
eas t  of  Davy Crater Chain i s  about  2000 f t  h igh.  With t h e  
c u r r e n t  t r a j e c t o r y  t h e  landing s i t e  would have t o  be a t  least  
1 4 , 0 0 0  f t  downrange of t h e  top of t h e  range.  S e n s i t i v i t y  t o  
c ros s range  e r r o r s  should  be small. 

The crater cha in  a t  Davy provides  an e x c e l l e n t  
series of landmarks for  landing s i t e  l o c a t i o n .  

Descartes 

Landab i l i t y  a t  Descar tes  (F igu re  8 )  i s  a f u n c t i o n  of 
t h e  s p e c i f i c  landing  a r e a  des i r ed .  O r b i t e r  I V  and Apollo 1 2  
photography need f u r t h e r  a n a l y s i s  t o  suppor t  t h e  s e l e c t i o n  
of  an  a c c e p t a b l e  s i te .  



. 

FIGURE 6 - COPERNICUS PEAKS 
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FIGURE 8 - DESCARTES 
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SCIENCE 

S i t e  S c i e n t i f i c  Ra t iona le  

A b a s i c  objective of t h e  Apollo Program i s  t o  e s t a b l i s h  
t h e  chronology of major events ,  t h e  composi t ional  makeup and 
v a r i a t i o n  of t h e  l u n a r  su r face ,  i n t e r i o r  and atmosphere, t h e  
types  of processes  a t  work now o r  i n  t h e  p a s t ,  and t h e  i n t e r n a l  
s t r u c t u r e  and energy regimes of t h e  moon. The Apollo 11 and 1 2  
missions es tabl ished ages of mare b a s i n  f i l l  and a s u c c e s s f u l  
Apollo 14 m i s s i o n  w i l l  y i e l d  a f i x  on t h e  chronology of mare 
b a s i n  formation. The Program must now e s t a b l i s h  t h e  highlands 
(e .g . ,  Descartes) and young or post-mare (e .g . ,  Marius H i l l s ,  
Copernicus) t i m e  s c a l e s .  

S i g n i f i c a n t  compositional d a t a  on mare f i l l  now e x i s t s .  
The Program must now acqu i re ,  a s  a t o p  p r i o r i t y ,  highland samples 
( e .g . ,  Descar tes )  and sub-surface m a t e r i a l s  ( e .g . ,  Copernicus,  

D a v y  C r a t e r  Chain) .  

Volcanic a c t i v i t y  has been recognized as a major 
p rocess  r e s u l t i n g  i n  mare f i l l i n g .  I t  i s  now necessary t o  
i n v e s t i g a t e  highlands volcanism (Descar tes )  and d e s i r a b l e  t o  
i n v e s t i g a t e  extremes of marial volcanism (Marius H i l l s ) .  R i l l e  
formation,  an enigma, can be  s tud ied  a t  Hadley-Apennines. The 
r o l e  of meteoroid impacts a s  a topographic  modi f ie r  has been 
demonstrated. I t  remains to explore  a se t  of s i tes  of d i f f e r e n t  
ages (e.g. ,  Marius H i l l s ,  Descar tes ,  Davy C r a t e r  Cha in )  t o  
e s t a b l i s h  t h e  meteoroid time-flux h i s t o r y  and t o  i n v e s t i g a t e  
a large impact s i t e  w i t h  a s soc ia t ed  volcanism (Copernicus) .  

The geophysical  experiments (seismometer, magnetometer) 
have begun t o  r e t u r n  s i g n i f i c a n t  d a t a  on t h e  s t r u c t u r e  and energy 
of t h e  upper t e n s  t o  hundreds of k i l o m e t e r s  of t h e  l u n a r  i n t e r i o r .  
I t  i s  necessary now t o  complete t h e  e s t ab l i shmen t  of geophys ica l  
n e t s  wi th  p a r t i c u l a r  regard  t o  highlands (e .g . ,  Descartes) and 
highlands-mare boundaries  (e .g . ,  Hadley-Apennines) and t o  imple- 
ment  t h e  h e a t  flow experiment a s  a major complement t o  t h e  
seismic and magnetic s t a t i o n s .  A spread  i n  long i tude  and 
l a t i t u d e  i s  h ighly  desirable f o r  c e r t a i n  experiments (e .g . ,  LR3). 

The o r b i t a l  remote sensing experiments must now 
o b t a i n  d a t a  t o  allow e x t r a p o l a t i o n  of ground-truth d a t a  from 
s u r f a c e  experiments and re turned  samples. A l anding  s i t e  i n  
t h e  f a r  w e s t  and one i n  t h e  f a r  e a s t  a r e  needed t o  provide  
f avorab le  l i g h t i n g  cond i t ions  t o  extend photography around 
both limbs. T h i s  i s  r equ i r ed  t o  o b t a i n  backside photography 
and t o  extend metric c o n t r o l  t o  allow better de termina t ion  of 
t h e  f i g u r e  of t h e  moon. S i tes  of high i n c l i n a t i o n  are d e s i r e d  
i n  o r d e r  t o  maximize s u r f  ace coverage. 
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Copernicus Peaks 

Copernicus i s  a r e l a t i v e l y  young, very  l a r g e  b r i g h t -  
rayed probable  impact crater approximately 9 5  km i n  diameter  
and l o c a t e d  j u s t  sou th  of Mare Imbrium. A mission t o  t h e  f l o o r  
of  t h e  c r a t e r  Copernicus,  4 km below t h e  crater r i m ,  would have 
as i t s  primary o b j e c t i v e s  t h e  examination of t h e  c e n t r a l  peaks 
and t h e  c r a t e r  f l o o r  m a t e r i a l .  The c e n t r a l  peaks,  which r ise 
up t o  800 meters from t h e  c r a t e r  f l o o r ,  probably r e p r e s e n t  
deep-seated m a t e r i a l ,  which i s  of importance i n  determining 
t h e  i n t e r n a l  c h a r a c t e r i s t i c s  of t h e  moon and i n  complementing 
t h e  mare samples obta ined  on Apollo 11 and 1 2 .  Examination of 
t h e  domes and t e x t u r e d  m a t e r i a l  of t h e  c r a t e r  f l o o r  w i l l  p rovide  
an understanding of t h e  process  of c r a t e r  f l o o r  f i l l i n g  and h e l p  
c l a r i f y  t h e  r o l e  of volcanism i n  post-event  c r a t e r  modi f ica t ion .  
Age de termina t ions  of t h e  central  peak m a t e r i a l ,  t h e  c r a t e r i n g  
even t ,  and t h e  subsequent c r a t e r  f i l l  m a t e r i a l  w i l l  p rovide  
a t i m e  s c a l e  of importance i n  understanding t h e  o r i g i n  and 
modi f ica t ion  of l a r g e  impact c r a t e r s  and i n  e s t a b l i s h i n g  t h e  
r e l a t i v e l y  recent  f l u x  of meteoroids.  

Davy C r a t e r  Chain 

Davy Crater Chain i s  a probable  v o l c a n i c  crater cha in  
c r o s s i n g  t h e  highlands w e s t  of Ptolemaeus and t h e  f l o o r  of t h e  
o l d  b a s i n  Davy Y ,  northwest  of t h e  crater Alphonsus. The major 
o b j e c t i v e  of a mission t o  D a v y  i s  sampling and i n v e s t i g a t i o n  of 
t h i s  segment of t h e  l u n a r  central  h ighlands ,  which  i s  f a r  
enough from Mare Imbrium n o t  t o  be mantled w i t h  a s u b s t a n t i a l  
t h i ckness  of t h e  Imbrium ejecta. A second o b j e c t i v e  i s  t o  
sample and i n v e s t i g a t e  one o r  more of t h e  craters which make up 
t h e  60 km Davy Crater Chain. S ince  t h e  c r a t e r s  forming t h e  
Davy C r a t e r  Chain appear to  be analogous t o  t e r r e s t r i a l  maar- 
type  vo lcan ic  c r a t e r s  which o f t e n  b r i n g  up deep mantle f ragments ,  
an  o b j e c t i v e  of t h i s  landing  s i t e  concerns t h e  a c q u i s i t i o n  of 
m a t e r i a l  from deep w i t h i n  t h e  l u n a r  i n t e r i o r .  I t  i s  such 
m a t e r i a l  which may be  t h e  pa ren t  o r  source  rock of t h e  l a v a  f i l l i n g  
t h e  maria and which was sampled on Apollo 11 and 1 2 .  A l anding  
near  t h e  p o i n t  where t h e  c r a t e r  cha in  c r o s s e s  i n t o  t h e  h ighlands  
should a l s o  provide samples of t h e  p l a i n s  material  on t h e  f l o o r  
of Davy Y ,  or  of s i m i l a r  p l a i n s  forming u n i t s  on t h e  wes tern  
Ptolemaeus highlands.  Acquis i t ion  of t h e s e  materials w i l l  
p rovide  d a t a  on t h e  p h y s i c a l  p r o p e r t i e s  of t h e  l u n a r  i n t e r i o r  
as w e l l  as on t h e  c h a r a c t e r i s t i c s  and age of widespread geo log ic  
u n i t s  . 
Descar tes  

The Descar tes  landing s i t e  l ies i n  t h e  c e n t r a l  l u n a r  
h ighlands  s e v e r a l  hundred k i lometers  w e s t  of Mare Nectaris, 
and i s  t h e  s i t e  of h i l l y ,  grooved and furrowed t e r r a i n  which 
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i s  morphological ly  s i m i l a r  t o  many terrestr ia l  a r e a s  of  
volcanism. The Descar tes  a rea  i s  a l s o  t h e  s i t e  of  e x t e n s i v e  
development of  h ighland  p l a i n s  mater ia l ,  a g e o l o g i c  u n i t  of  
widespread occurrence .  The primary objectives of a mis s ion  
t o  t h e  s i t e  would be t h e  examination and sampling of a h igh land  
v o l c a n i c  complex and t h e  p l a i n s  material .  Knowledge of  t h e  
composi t ion,  age,  and e x t e n t  of magmatic d i f f e r e n t i a t i o n  i n  
t h e  h ighlands  w i l l  be p a r t i c u l a r l y  impor tan t  i n  unders tanding  
l u n a r  volcanism and i t s  c o n t r i b u t i o n  t o  t h e  e v o l u t i o n  of 
t h e  l u n a r  s u r f a c e  and i n t e r i o r .  Comparison of  t h i s  p u t a t i v e  
h ighland  v o l c a n i c  complex t o  mare v o l c a n i c  complexes such 
as Marius H i l l s  w i l l  p rov ide  a sample of a wide spectrum of 
l u n a r  v o l c a n i c  a c t i v i t y .  An unders tanding  of t h e  composi t ion 
and age of  t h e  h ighland  p l a i n s  m a t e r i a l  w i l l  add t o  o u r  knowledge 
of  t h e  p rocesses  which modify large areas of t h e  l u n a r  h ighlands .  
I t  w i l l  be of s p e c i a l  s i g n i f i c a n c e  i n  determining t h e  e a r l y  
meteoroid f l u x .  

Hadley-Apennines 

The Apennine Mountains rise up t o  2 km above t h e  
s u r f a c e  o f  Pa lus  P u t r e d i n i s  and might c o n t a i n  a n c i e n t  material  
exposed du r ing  t h e  excavat ion  of  t h e  Imbrium b a s i n .  Sampling 
of such Apenninian m a t e r i a l  should provide  very  a n c i e n t  rocks  
whose o r i g i n  p r e d a t e s  t h e  formation and f i l l i n g  of t h e  major 
mare b a s i n s .  R i m a  Hadley i s  a V-shaped l u n a r  s inuous  r i l l e  
which p a r a l l e l s  t h e  Apennine Mountain f r o n t  a long  t h e  e a s t e r n  
boundary of  Mare Imbrium. The  r i l l e  o r i g i n a t e s  i n  an  e l o n g a t e  
dep res s ion  i n  an area of a s s o c i a t e d  v o l c a n i c  domes and g e n e r a l l y  
ma in ta ins  a wid th  of  about  1 km and a depth of 200 meters 
u n t i l  i t  merges t o  a second r i l l e  approximately 1 0 0  km t o  t h e  
no r th .  The o r i g i n  of  s inuous r i l l e s  such as R i m a  Hadley i s  
en igmat i c  b u t  i s  probably due t o  some type  of  f l u i d  f l o w .  
The de t e rmina t ion  of t h e  na tu re  and o r i g i n  of a s inuous  r i l l e  
and i t s  a s s o c i a t e d  e l o n g a t e  depress ion  and p rocess  may y i e l d  
data  on t h e  h i s t o r y  of l u n a r  v o l a t i l e s .  

Marius H i l l s  

The Marius H i l l s  are a series of domes and cones 
l o c a t e d  nor thwes t  of t h e  crater Marius near  t h e  c e n t e r  of 
Oceanus Procel larum. The morphologic u n i t s  which comprise 
t h e s e  h i l l s  are analogous i n  form and sequence t o  terrestr ia l  
v o l c a n i c  complexes which d i sp lay  a spectrum of r o c k  composi t ions 
and ages. The va r ious  geologic  u n i t s  sugges t  t h a t  a prolonged,  
b u t  r e l a t i v e l y  r e c e n t ,  per iod  of v o l c a n i c  a c t i v i t y  has  occurred  
i n  t h e  Marius H i l l s  area and t h a t  magmatic d i f f e r e n t i a t i o n  has  
produced a spectrum of  rock types and a series of  v o l c a n i c  
landforms d i s p l a y i n g  c h a r a c t e r i s t i c  s t r u c t u r a l  r e l a t i o n s h i p s .  
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Therefore ,  t h e  primary o b j e c t i v e s  of a m i s s i o n  t o  t h e  Marius 
H i l l s  a r e  t o  s tudy t h e  spectrum of geo log ic  u n i t s  i n  o r d e r  t o  
e s t a b l i s h  t h e  e x t e n t  and age of p o s s i b l e  magmatic d i f f e r e n t i a t i o n  
and t o  de t e rmine  t h e  s t r u c t u r a l  r e l a t i o n s h i p s  of v o l c a n i c  land- 
forms i n  t h e  maria.  

Su r face  Science 

Table 4 summarizes c u r r e n t  p l a n s  f o r  t h e  assignment 
of l u n a r  s u r f a c e  experiments t o  t h e  remaining Apollo missions.  
Experiment assignments t o  Apollo 1 4  can be considered f i r m  a t  
t h i s  t i m e .  I t  i s  l i k e l y  t h a t  g rav ime t r i c  experiments,  such a s  
S-199 (Traverse  Gravimeter) and S-206 ( T i d a l  Gravimeter) , would 
n o t  be a v a i l a b l e  u n t i l  Apollo 17.  

O r b i t a l  Science 

Table 5 p r e s e n t s  a s i m i l a r  summary f o r  o r b i t a l  s c i e n c e  
and o t h e r  i n - f l i g h t  experiments.  The need f o r  e a r l y  planning 
t o  i n t e g r a t e  t h e  o r b i t a l  science experiments wi th  t h e  S e r v i c e  
Module s t r u c t u r e  makes t h e i r  p o t e n t i a l  re-assignment less 
f l e x i b l e  than  t h e  luna r  su r face  experiments.  Designs f o r  
Lunar Sounder experiments are i n  t h e  exp lo ra to ry  phase a t  t h i s  
t i m e  and t h e s e  experiments probably cannot  be ready p r i o r  t o  
Apollo 1 7 .  

I t  should be noted t h a t  t h e  f i r s t  t w o  J-series f l i g h t s  
have i d e n t i c a l  payloads and should have o r b i t a l  i n c l i n a t i o n s  
which minimize redundant coverage. A l l  these missions have 
high r e s o l u t i o n  panoramic and metric camera systems, and can  
provide  maximum b e n e f i t  through h igh  i n c l i n a t i o n  o r b i t s  t o  
i n c r e a s e  areal coverage. A landing s i t e  i n  t h e  f a r  w e s t  and 
one i n  t h e  f a r  e a s t  w o u l d  provide l i g h t i n g  cond i t ions  t o  extend 
photography around both l i m b s  t o  maximize luna r  backs ide  photo- 
graphy, and t o  extend metric c o n t r o l  t o  o b t a i n  a bet ter  know- 
ledge  of t h e  f i g u r e  of t h e  moon. 

F igure  9 d e p i c t s  post-rendezvous o r b i t a l  photographic  
coverage f o r  f o u r  of t h e  s i t e s .  Note t h a t  Marius provides  maximum 
wes tern  backside l u n a r  coverage for  l u n a r  o r b i t a l  photoqraphy 
b u t  covers  most of t h e  a r e a  which would be a v a i l a b l e  on a 
subsequent mission t o  Copernicus. A Hadley f l i g h t  provides  
maximum o r b i t a l  s c i ence  coverage due t o  i t s  high i n c l i n a t i o n  
o r b i t ,  and perhaps should be considered a primary miss ion  f o r  
o r b i t a l  science. The Descartes s i t e  provides  maximum extens ion  
of o r b i t a l  photography and sc i ence  around t h e  e a s t e r n  l i m b .  
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PHOTOGRAPHY 

The most important  photography i s  h igh  r e s o l u t i o n  
photography of t h e  landing s i te .  Together w i th  low r e s o l u t i o n  
s t e r e o  photography, topographica l  p r o f i l e s  can be de r ived  and 
a model of a 5 x 1 0  m i l e  a r ea  made f o r  crew t r a i n i n g  i n  land- 
mark r ecogn i t ion  and v i s u a l  a c q u i s i t i o n  of t h e  landing  s p o t .  
The approach t e r r a i n  p r o f i l e  i n  t h e  guidance computer may go 
back as f a r  as 70 m i l e s  from t h e  s i te ,  t h e  accuracy r e q u i r e d  
d iminish ing  wi th  range. General ly  e a r t h  based photography i s  
s u f f i c i e n t l y  a c c u r a t e  except  f o r  t h e  l a s t  20  m i l e s  of t h e  
descen t ,  f o r  which more accu ra t e  photography must be suppl ied .  
The photography i s  a lso e s s e n t i a l  f o r  l u n a r  s u r f a c e  t r a v e r s e  
p lanning ,  i n  p a r t i c u l a r ,  LRV s o r t i e s .  

Ava i l ab le  Photography 

Photography a v a i l a b l e  f o r  Copernicus peaks,  and f o r  
Marius H i l l s  i s  judged t o  be s u f f i c i e n t .  Ava i l ab le  h igh  reso-  
l u t i o n  photography f o r  Hadley-Apennines does n o t  i nc lude  t h e  
landing  p o i n t  b u t  i s  c l o s e  enough t o  it t o  g i v e  s u f f i c i e n t  
confidence i n  i t s  a c c e p t a b i l i t y  f o r  landing.  However, t h e  
q u a l i t y  of d e t a i l e d  t r a v e r s e  planning must n e c e s s a r i l y  s u f f e r  
w i thou t  t h e  h igh  r e s o l u t i o n  photography. 

P r e s e n t  Descartes photography has  been judged in su f -  
f i c i e n t .  The f a i l u r e  of Apollo 1 3  t o  photograph Davy C r a t e r  
Chain l eaves  it i n  t h e  same category.  

BootstraD PhotoaraDhv 

Apollo 14 i s  scheduled f o r  b o o t s t r a p  photography of 
Descartes and of highland a r e a s  near  Descartes. 

An Apollo 1 5  mission t o  Marius H i l l s  would permi t  
photography of Davy Crater  Chain, o r  of Descartes, o r  of 
h ighlands  as f a r  a s  17' south,  provided s e t t i n g - s u n  i l l u m i -  
n a t i o n  i s  accep tab le ,  which seems t o  be t r u e .  

An Apollo 1 5  mission t o  Hadley-Apennines does n o t  
permi t  photography of e i t h e r  Descartes or Davy Crater Chain, 
o r  of t h e  southern  highlands.  

While an Apollo 1 6  mission t o  Descartes would permi t  
photography of Davy Crater Chain, t h e  five-month i n t e r v a l  of 
Apollo 1 6  makes i t s  use  d i f f i c u l t .  Photography on Apollo 1 6  
and 1 7  should be chosen f o r  i t s  own i n t e r e s t  and f o r  t h e  t i m e  
when t h e  space program resumes e x p l o r a t i o n  of t h e  moon. 
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